ABSTRACT The present study uses a technique that enables the collection of multiple freeze-biopsy samples from the myocardium of the conscious pig (i.e., through a thoracic window). This technique enables sequential analysis of the metabolic state of the myocardium during different behavioral conditions. The results demonstrate that with daily adaptations to an unfamiliar environment (i.e., stress reduction), the phosphorylase activation ratio (phosphorylase a/total phosphorylase) in the quiescent pig declines steadily from approximately 80% to 30% (r = -0.91, P < 0.01). This decline occurs with both the mean resting heart rate and left ventricular blood pressure remaining constant. The decline is seen within individual subjects during the whole adaptation sequence as well as between subjects whose samples were taken either early or late in the adaptation series. The dissociation of hemodynamic functional and metabolic activation in the unadapted, psychologically stressed pig may be associated with the occurrence of increased vulnerability of the ischemic heart to ventricular fibrillation, a phenomenon previously observed under the same behavioral conditions. Psychosocial risk factors in human populations have been identified and appear to be associated with high rates of sudden cardiac death (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Operationally defined psychological stressors have been shown in conscious animal models to increase the vulnerability of the heart to arrhythmogenesis (15) (16) (17) (18) (19) (20) . Our laboratory (17, (21) (22) (23) (24) (25) (26) (27) has delineated a neurophysiological system that supports Cannon's (28) early concept of a "cerebral defense system." Our conceptual model, (22) developed from animal neurophysiological research, shows how a psychologically stressful stimulus in the environment is represented in the cerebrum and translated into vulnerability to arrhythmias in the ischemic heart.
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The question addressed in the present study is: how does the psycho-neuro-physiological input to the heart evoke the increased vulnerability to arrhythmogenesis? We have chosen to examine the effects of operationally defined psychological stress on phosphorylase activation in the myocardium. This enzymatic activation is a distal step in an "enzyme cascade" initiated by /3-adrenergic stimulation. P-Adrenergic stimulation modulates both cardiac inotropy and metabolism (29) . Because phosphorylase activation is a distal step, it is in a position to be sensitive to cross-modulation by other receptor-effector mechanisms in the same cell, such as by a receptors, which increase calcium uptake and, by this mechanism, activate phosphorylase (30) . Our present results show in the pig that the psychological stress produced by an unfamiliar environment increases the resting myocardial phosphorylase activation ratio without a concomitant change in either resting heart rate or resting blood presThe publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. 3 days of adaptation to its home cage prior to surgery. After recovery from surgery, the animal was brought to the laboratory, with its legs restrained by adhesive tape. The cryobiopsies were then performed at 5, 30, or 45 min after the exposure of the myocardial surface. After 2 or 3 samples had been taken, during a single daily exposure of the myocardium, the silicone rubber plug was replaced and the animal was returned to its home cage. During each of the subsequent days, the animal was brought back to the laboratory. When cardiac biopsies were not to be performed, the animal was simply attached to the electrophysiological recording leads (electrocardiogram and electroencephalogram). When samples were to be taken, the myocardium was exposed, as described above. In such instances, after the first few experimental days, lidocaine infiltration was not necessary, because the pigs showed only a minimal behavioral reaction to the reexposure of the myocardial field. Each daily observation period required 1-2 hr to complete.
Electrophysiological and Hemodynamic Measurements. Standard limb-lead electrodes were permanently sutured through the skin of the animal's forelegs and left hind leg. Electroencephalogram electrodes were sutured into the scalp. Left ventricular pressure was measured by inserting a 13-gauge needle through the ventricular wall or through one of the holes made by a rapid-freeze biopsy. This method was chosen to eliminate the use of heparin, which is normally required to maintain patency of indwelling catheters. The 13-gauge needle was attached to a calibrated Statham strain gauge transducer. All electrophysiological activities were recorded on a Beckman type R polygraph.
Phosphorylase Assay. Phosphorylase activities were measured by the modification of the linked-enzyme spectrophotometric assay used by Entman et aL (34 4 . Percent phosphorylase activation in the resting left ventricleduring psychological adaptation to the laboratory. Each cryobiopsy was performed 30 minafter exposure of the myocardium. Heart rate was at or near the same mean resting level within each subject. Data points from the same animal are interconnected with lines. A linear correlation coefficient of r = -0.91 (P < 0.01, t = 5.48, df = 9) occurs for all data points combined (i.e., each point is assumed to be an independent estimate of the population regression).
can be seen that, at 5 min after the somewhat stressful exposure of the myocardium, phosphorylase is relatively activated in both unadapted (U) and adapted (A) animals. When the samples are taken later, at either 30 or 45 min, the activation has declined in the adapted animals, but not in the unadapted ones (P < 0.02). This result shows that a recent phasic stress (e.g., exposure of the myocardium) will reactivate phosphorylase in adapted subjects. Fig. 4 is a plot of the data from all of the animals, as they adapted to the laboratory over a period of 11 days. To control for the phasic stress effect, only values observed 30 min after exposure of the myocardium were plotted. A statistically significant linear regression (r = -0.91, P < 0.01) is seen to occur for the composite 30-min data. The same adaptation effect (i.e., regression) is seen within as well as between subjects. The validity of the 30-min data is confirmed by replication measures at 45 min, as seen in Table 1 . These results clearly demonstrate the effect of adaptation to the unfamiliar surroundings of the laboratory on the activation of phosphorylase, with heart rate and blood pressure remaining relatively constant.
DISCUSSION
Controls. The low variance of the measurements that leads to the large correlation coefficient shown in Fig. 4 is due, in part, to the behavioral control (i.e., allowing 30 min to pass after the exposure of the myocardium to eliminate the effects of recent stress) and to the choice of the phosphorylase ratio as the measure (i.e., the ratio makes the measure independent of sample size). Muscle cells contain a high level of phosphorylase compared to that of other cells in the cryogenic sample; thus, the additional source of random variance attributable to nonmuscle tissues is minimized.
Several observations preclude some possible explanations of the regression seen in Fig. 4 . The steady decline of phosphorylase activation over days cannot be explained by the number of previous samples taken from a given heart. For example, animal 4 in Table 1 shows approximately the same low degree of phosphorylase activation after adaptation (i.e., 10-11 days) as do the other pigs, but the former subject had only a few previous samples taken, whereas the others had numerous ones. Also, sample size and location have been ruled out as a possible explanation. The result also cannot be explained by a fixed decline in phosphorylase activation over days, because reactivation occurs within each subject after a mild stress (Fig. 3, 5  min) . And, finally, because neither heart rate nor blood pressure is correlated with phosphorylase activation (Table 1) In the heart made vulnerable to arrhythmias by ischemia, both cyclic AMP increase and phosphorylase activation occur; both responses can be blocked, in part, by competitive inhibition of the P receptor (29, 51) . In some experiments with anoxia, however, a-receptor blockade prevents the rise in cyclic AMP and protein kinase activation, but phosphorylase a formation still occurs (52) . The mechanism by which phosphorylase is activated independently of cyclic AMP and protein kinase could involve an increase in Ca2+ flux (52) or an alkaline shift in pH (53) , because either one of these alterations produced in vitro will directly augment phosphorylase kinase activity and increase the conversion of phosphorylase b to phosphorylase a.
Dual Autonomic Regulation and Ventricular Ectopy. A possible mechanism to explain the present results is that a shift in the ratio of muscarinic and ,-receptor activity occurs during adaptation, a situation that keeps heart rate constant but shifts the phosphorylase activation ratio. That this type of dual autonomic regulation of the heart can occur is demonstrated in a study by Baust (17) than that of the adapted animal. This same pattern of dual autonomic regulation could also explain the relatively greater activation of phosphorylase in the resting heart of the unadapted pig via the known mechanisms of metabolic and hemodynamic control.
